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DIGEST 


Cathodic  cleaning  was  studied  as  a  method  of  cleaning  aluminum 
alloys  for  welding  in  which  X-ray  quality  is  desired.  Cathodic  cleaning,  testei 
on  6061  aluminum  strips  and  evaluated  by  welding  with  the  automatic  dc 
tungsten-arc  process,  was  found  to  be  an  improvement  over  previous  cleaning 
methods.  The  use  of  cathodic  cleaning  reduces  to  a  minimum  any  smut  pro¬ 
duced  by  welding. 

The  photographic  results  of  these  tests  show  that  the  cleaning  pro¬ 
cess  can  be  reduced  from  the  level  of  an  art  to  that  of  a  repeatable,  scientific 
process.  These  photographs  define  the  lack  of  quality  control  previously  exer¬ 
cised  either  on  the  sheet  material  or  on  an  extruded  part.  Control  will  have  to 
be  established  over  surface  pits,  inclusions,  and  miscellaneous  configurations, 
which  are  a  trap  for  hydrates,  foreign  elements,  and  cutting  and  drawing  com  ¬ 
pounds. 


It  is  neither  economical  nor  reliable  to  attempt  to  induce  greater 
control  over  welding  and  chemical  compatibility  unless  this  control  is  extended 
to  the  manufacturing  processes  producing  the  initial  item. 
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CATHODIC  CLEANING  OF  ALUMINUM  ALLOYS 
FOR  X-RAY-CLEAR  WELDS 


I.  INTRODUCTION, 


The  purpose  of  these  experiments  was  to  reduce  the  process  of 
cleaning  aluminum  alloys  for  welding  from  the  level  of  an  art  to  that  of  a 
repeatable,  scientific  process. 

The  cleaning  of  aluminum  alloys  for  welding,  in  which  X-ray  quality 
or  a  helium  leak  test  is  required,  is  an  inherent  problem  in  the  welding  indus¬ 
try.  The. problem  becomes  greater  when  chemical  compatibility  is  considered. 
Research  and  analysis  of  chemical  reactions  have  shown  that,  if  an  X-ray-clear 
weld  can  be  produced  without  extra  cleaning,  the  compatibility  problem  is 
solved.  Compatibility  is  defined  here  as  no  reaction  or  pressure  buildup  during 
storage. 


Tests  to  date  have  shown  that  the  ability  to  produce  an  X-ray- clear 
weld  depends  on  the  removal  of  A.1 20$*  Under  the  welding-arc  tempera¬ 
ture  of  10,000°F  or  more,  the  H+  ion  is  disassociated  from  the  H^O 

complex  and  becomes  100%  soluble  in  the  solidus  aluminum  alloy.  The  solu¬ 
bility  of  the  H+  ion  changes  when  the  molten  aluminum  alloy  cools,  whereupon 
molecules  of  hydrogen  are  formed  that  migrate  to  the  last  point  of  freezing  to 
form  porosity,  which  aids  in  the  formation  of  cracks  due  to  stress  concentra¬ 
tions  set  up  by  the  H+  ions  when  they  are  compressed  into  molecules.  The 
Al203*H20  complex  is  termed  a  hydrate  to  differentiate  it  from  AI2O3,  which 
corresponds  to  work  done  at  MIT  under  a  NASA  contract  in  1958. 

The  usual  procedure  for  determining  if  a  material  is  chemically 
clean  involves  the  production  of  a  nwater-break-free  surface.  n  There  is  no 
relationship  here  between  a  water-break- free  surface  and  an  X-ray- clear  weld 
because,  in  either  instance,  the  Al203’H20  must  be  removed,  and  it  can  only 
be  eliminated  by  mechanical  means. 

The  usual  method  of  cleaning  after  the  standard  chemical  cleaning 
is  to  mechanically  scrape  and  drawfile  all  surfaces  subjected  to  fusion.  To 
circumvent  the  excessive  cost  of  mechanical  or  manual  cleaning,  cathodic 
cleaning  of  aluminum  alloys  has  been  investigated  to  determine  its  feasibility, 
procedure,  wattage,  and  weld  reaction. 

II.  EXPER1ME  NT  ATION. 


Sample  No.  1  (appendix,  figure  Al)  was  the  preliminary  test  piece. 
(All  figures,  Al  through  A39,  are  in  the  appendix.  )  The  approach  followed 
after  sample  No.  1  was  to  determine  the  required  voltage,  current,  and  current 
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direction,  and  the  distance  between  the  anode  and  the  cathode.  Anodic  cleaning 
(figure  A2)  proved  to  be  of  no  value  because,  by  using  a  stainles s -steel  cathode, 
the  aluminum  sample  had  received  a  film  of  chromium  oxide.  The  weld  bead 
showed  a  zero  flow  angle,  and  the  resulting  stress  flow  would  be  detrimental  to 
the  weldments. 

Samples  No.  3  through  No.  15  (figures  A3  through  A 1 3)  were 
cathodically  cleaned  in  a  progressive  manner  to  evaluate  the  effect  of  different 
anodes,  amperages,  voltages,  times,  distances,  and  followup  solutions.  The 
reactions  of  the  above  variables,  in  both  cleaning  and  welding  operations,  are 
shown  in  tables  I  and  11,  together  with  observations  made  throughout  the  devel¬ 
opment  stages. 

The  angle  of  flow  with  reference  to  the  filler  metal  being  used 
showed  that  the  stress -flow  pattern  of  aluminum  weldments  can  be  changed  by 
proper  cleaning.  Normally,  the  wetting  angle  of  any  weld  made  on  aluminum 
is  quite  steep,  producing  a  closed  stress  pattern.  With  the  long  wetting  angle 
of  45  (estimated),  the  stress -flow  angle  opens  up  with  a  resulting  gain  in 
fatigue  life. 


The  use  of  additional  solutions  for  the  samples  in  figures  A 10 
through  A13  provides  a  cleaning  process  that  does  not  require  manual  steps. 
Further  work  will  encompass  larger  samples  cleaned  by  cathodic  methods  and 
butt-welded  together  with  gas -tungsten  arc  dc,  gas -tungsten  arc  ac-balanced 
wave,  and  gas -metal  arc,  using  fully  automatic  methods  of  welding. 

The  photographs  in  the  appendix  illustrate  the  cleaned  surface  of 
each  sample  in  conjunction  with  automatic  and  manual  welding.  Automatic 
welding  of  the  samples  showed  an  unusual  change  when  the  weld  bead  passed 
the  cleaned  section  of  the  plate  into  the  as -received  section,  in  that  the  weld- 
bead  width  increased  in  the  as -received  area  on  both  the  top  and  bottom 
surfaces. 


During  automatic  dc  welding  with  a  voltage -controlled  head,  the 
sensitivity  of  the  welding  head  changed  when  the  arc  encountered  the  unclean 
surface.  The  welding  head  produced  a  stitching  effect  in  a  vertical  oscillating 
direction  due  to  the  bombardment  of  the  tungsten  electrode  by  foreign  material. 
The  vertical  oscillation  refers  to  the  up  and  down  movement  of  the  voltage - 
controlled  torch  due  to  the  metallic  bombardment  of  thp  gaseous  plasma  and  the 
tungsten  electrode  by  ionized  elements.  The  analysis  of  welds  made  on  strips 
by  the  automatic  dc  tungsten-arc  process  showed  that  an  exothermic  reaction 
occurs  under  the  welding  arc,  which  allows  a  greater  input  of  heat  to  the  mate¬ 
rial  than  had  been  calculated.  To  maintain  a  constant  heat  input,  the  surfaces 
and  joint  edges  must  have  a  controlled  cleanliness  for  the  heat  input  to  be  cal¬ 
culated  correctly. 
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Table  I.  Conditions  and  Results  of  Cathodic  Cleaning  of  Aluminum  Alloys  for  Welding 
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Table  II.  Condition*  and  Re*ult*  of  Welding  of  Aluminum  Alloy* 


The  lack  of  smut  or  ionized,  metallic  particles  deposited  adjacent 
to  the  weld  or  on  the  weld  surface  indicates  a  lack  of  exothermix  reactions. 

The  photographs  in  figures  A 14  through  A34  were  taken  in  color  and 
nagnified  10  times  after  standard  chemical  cleaning  of  the  60  61  aluminum 
samples  and  prior  to  the  initiation  of  the  cathodic  cleaning.  The  purpose  was 
to  determine  if  any  problems  existed  in  cleaning  6061  aluminum  that  could  cause 
a  change  in  surface  tension  and  welding  conditions.  These  photographs  show 
that  a  wide  range  of  chemical  compounds  exists  on  the  surfaces.  Colorimetric 
chemistry  and  interpolation  would  have  to  be  used  to  interpret  these  compounds. 
Interpretations  have  not  been  attempted  to  date,  but  may  be  forthcoming. 

Figures  A35  through  A39  show  the  effect  of  adverse  conditions  when 
weldments  that  were  submitted  to  storage  tests  reacted  with  the  weld  (parent 
metal  and  filler  metal)  and  with  the  parent  material.  The  samples  in  figures  A35, 
A3 6,  and  A38  show  that  conditions  had  accelerated  to  the  point  that  a  hole  was 
eaten  from  the  inside  of  the  E-139  bomblet  through  the  weld.  This  reaction  cen¬ 
tered  around  foreign  matter  that  was  believed  to  be  ferric  or  ferrous  oxide. 

The  samples  in  figures  A37  and  A39  show  that  reactions  had  taken  place  outside 
the  heat-affected  zone  of  the  weld  area,  which  is  pure  parent  metal. 

Further  work  should  be  undertaken  in  the  area  of  cleaning  for 
welding  and  compatibility  to  establish  a  firm  process  for  the  production  of  agent 
containers  and  X-ray-clear  welds. 

III.  CONCLUSIONS. 

The  photographic  results  of  these  tests  show  that  the  cleaning 
process  can  be  reduced  from  the  level  of  an  art  to  that  of  a  repeatable,  scien¬ 
tific  process.  These  photographs  define  the  lack  of  quality  control  previously 
exercised  .either  on  the  sheet  material  or  on  an  extruded  part.  Control  will 
have  to  be  established  over  surface  pits,  inclusions,  and  miscellaneous  config¬ 
urations,  which  are  a  trap  for  hydrates,  foreign  elements,  and  cutting  and 
drawing  compounds. 

It  is  neither  economical  nor  reliable  to  attempt  to  induce  greater 
control  over  welding  and  chemical  compatibility  unless  this  control  is  extended 
to  the  manufacturing  processes  producing  the  initial  item. 
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FIGURES 


Figure  Al.  Sample  No.  1 
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Figure  A 2.  Sample  No.  2,  Anodically  Cleaned 
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Figure  A3.  Sample  No.  3 
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Figure  A4. 


Sample  No.  5 
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Figure  A5.  Sample  No.  6 
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Figure  A7.  Sample  No.  9 
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Figure  A8.  Sample  No.  10 
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Figure  A9.  Sample  No.  11 
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Figure  A10.  Sample  No.  13 
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Figure  All.  Sample  No.  14 
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Figure  A1  2. 


Sample  No.  15 
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Figure  A13. 


Sample  No.  16 
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Figure  A15.  Surface  of  E-130RZ 
Bomblet  Body 


Figure  A14.  Tungsten-Arc  Weld, 
dc,  on  E-130R2  Bomblet  Without 
Filler-Metal  Addition 


Figure  A16.  Surface  of  E-130R2 
Bomblet  Body 


Figure  A17.  Tungsten-Arc  Weld, 
dc,  on  E-130R2  Bomblet  Without 
Filler-Metal  Addition 
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Figure  A18.  Tungsten-Arc  Weld,  Figure  A19.  Surface  of  E-130R2 

dc,  on  E-130R2  Bomblet  Without  Bomblet  Body 

Filler-Metal  Addition 


Figure  A20.  Tungsten-Arc  Weld,  Figure  A21.  Surface  of 

ac,  on  E-130R2  Bomblet  With  Bomblet  Body 

Addition  of  4043  Filler  Metal 
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Figure  A22.  Tungsten-Arc 
Welds,  dc  and  ac 


Figure  A23.  Area  Adjacent  to 
Weld  Made  in  Figure  A22 


Figure  A24.  Internal  View  of  Figure  A25.  Surface  of  Welded 

Sectionalized  E-139  Bomblet  Bomblet  Body  (same  Bomblet 

shown  in  Figure  A24) 
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Figure  A26.  Automatic  ac 
Tungsten-Arc  Weld 
of  E-139  Bomblet 


Figure  A2d.  Surface  of 
E-139  Bomblet  Body 


Figure  A27.  Surface  of  Welded 
Bomblet  Body  in  Figure  A26 


Figure  A29.  E-139  Bomblet 

Assembled  for  Welding 
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Figure  A30.  Surface  of  E-139 
Bomblet  Half 


Figure  A32.  Surface  of  E-139 
Bomblet  Half 


Figure  A31.  Surface  of  E-139 
Bomblet  Half 


Figure  A33.  Surface  and  Edge  to 
be  Welded  of  E-139  Bomblet 
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Figure  A34.  Surface  and  Edge  to 
be  Welded  of  E-139  Bomblet 
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Figure  A38.  E-139  Bomblet  After  Storage  Tests 
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